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Abstract
This paper used MTS815.02 Electro-Hydraulic Servo-controlled Rock Mechanics Testing System to conduct a water 
seepage test in a sandstone specimen under triaxial compression condition. Mechanical parameters of the specimen 
and the transient values of the seepage pressure differences at the twelve testing points in completely stress-strain 
process of the sandstone specimen were measured. From the measured values, the damage values and permeability of 
the specimen at different stress stages of the sandstone specimen were calculated. Through the analysis of the 
experimental results, the law that the permeability varies with the damage value of the sandstone specimen was 
obtained. From the perspective of the damage development of the sandstone microstructure, the water flow 
mechanisms in different stress stages of the sandstone were discussed.
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1. Introduction
In the course of the formation of mining space, the stress of rock within the scope of disturbance of 
mining redistributes, and a range of rock in front of and on the both sides of tunnel is damaged under 
stress concentration. Due to the change of the stress, some of the cracks in damaged rock open and the 
others close, which greatly affects the flow of gas in rock. In order to clear the permeability in different 
depth of rock in front of and on the both sides of tunnel, the law that fluid flows in different damaged 
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rock will be studied, and the above research results will have an important practical significance to
determine the reasonable parameters of gas drainage and improve the effect of gas pre-drainage.
At present, the main researches on permeability of rock are that: based on the numerical simulation 
results of water seepage in rock specimen, Yang TH [1] came to conclusion that the change of rock 
permeability was caused by the development of rock damage, and the change of rock permeability was 
correspondent with the development of rock damage, besides these, he also obtained that the change of 
permeability in the completely stress-strain process of  rock was obviously affected by heterogeneity of 
the rock. Through research, Tang HX [2] didn’t totally agree with Yang TH [1], he proposed amendments to 
some of conclusions that Yang TH [1]arrived, his amendments were that the change of rock permeability 
was not correspondent with the development of rock damage, that was to say, the change of rock 
permeability lagged behind the development of cracks in the rock; for the amendments, Yang TH [3] had 
an agreement to some extent, but he thought the phenomenon of the permeability hysteresis was caused 
by the transmission process of water which fell behind the development and connection of cracks in the 
rock. Based on the above researches, this paper will calculate the damage values of the rock in the 
completely stress-strain process to analyze the relationship between permeability and damage of the rock.
2. Experimental system and scheme
The test uses MTS815.02 Electro-Hydraulic Servo-controlled Rock Mechanics Testing System. The 
system consists of three separate closed-loop servo-controlled systems, they are axial compression loading 
system (Axial load ≤ 1700kN), the confining pre ssure loading system (Confining pressure ≤45MPa) and 
the pore water pressure loading System (Pore water pressure ≤ 45MPa ).
The rock specimen selected for the test is the sandstone of 8 # roof in Zhuxianzhuang coal mine. The 
specimen is Cylindrical, height 107.5mm, diameter 53.2mm, and uniaxial compressive strength 57.5MPa. 
Based on the curve of stress and strain obtained from the stress-strain test of sandstone before, the scopes 
of the rock deformations in Compaction stage, the elastic stage, plastic stage, the peak strength, the 
softening stage and the residual stress stage are determined respectively. Set one testing point or two in 
each stage of rock deformation, which come to twelve testing points, they are the axial displacement of 
0.07mm, 0.17mm, 0.41mm, 0.64mm, 0.85mm, 1.18mm, 1.38mm, 1.41mm, 1.50mm, 1.62mm, 1.73mm, 
1.83mm.
Before the test, seal the sandstone specimen first, and set a circumferential displacement sensor at the 
circumference of the specimen, then, put the prepared rock specimen into the cylinder of permeameter 
and fix it. By controlling the computer, impose axial pressure and confining pressure on the rock and keep 
the confining pressure at 20MPa. During the process of axial loading, keep the axial strain rate of 
1/150mm/s. when axial displacement of rock come to the set value, keep the displacement constant and 
start the pore pressure system that apply pore pressure p1 on top of the rock and pore pressure p2 on 
bottom of the rock, make p1 and p2 both equal to Atmospheric pressure，then, lower the pore pressure 
on the bottom of the rock, which cause a pore pressure difference Δp, make Δp equal to 1.5 MPa. Collect 
the values of pore pressure differences varied with time by computer acquisition system. During the 
process of imposing the pore pressure, make sure osmotic pressure less than confining pressure to prevent 
the overflow of seepage water from inside of the specimen. Release the pore pressure after measurement, 
and continue to make the sandstone specimen load till the axial displacement of the specimen come to the 
next preset value, keep the axial displacement of the specimen constant and measure the permeability 
again, do the same steps above until the permeability at the last set value of the axial displacement are 
measured.
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3. Experimental data process
Currently, there are two ways to measure the rock permeability in laboratory. One is the steady method, 
it is suitable for the rock with high permeability, when using this method, the seepage test require a long 
time. The steps of the test in this method are as follows: first, set a different constant pore pressure on 
each end of the rock and keep the pressure difference on both ends of the rock constant, then, measure 
fluid flow through the rock, finally, calculate the permeability of rock using the pressure difference and 
fluid flow from Darcy's law. Compared with the steady method, the transient method is the other way to 
measure rock permeability, it is applied to the rock with low permeability, and it requires a short time to 
finish the test, when water is used as liquid medium of seepage test, the transient method is more perfect 
than the steady method. The process of the test in transient method is as follows: provide a pressure pulse 
on one end of the specimen and then measure the values of osmotic pressure differences at different time 
points to calculate indirectly the permeability. According to the comparison above, this test should use the 
transient method to measure the rock permeability in the completely stress-strain process of the rock. 
The formula of rock permeability k in Transient method can be expressed as:
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Where, k is the rock permeability; n is the number of rows of data collections; Δp(i-1) is the osmotic 
pressure difference in the first (i-1) row of data collections; Δp(i) is the osmotic pressure difference in the 
first (i) row of data collections
According to the values of the osmotic pressure difference automatically collected by the computer 
during the test, the values of the permeability of the specimen in different testing points can be calculated 
from formula (1).
In damage mechanics, the damage variable can be defined by elastic modulus or elastic strain, 
according to the characteristics of this test, the damage variable can be indirectly calculated by the elastic 
modulus, the formula of damage variable D is expressed as:
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Where: φ is the continuity factor, E is the elastic modulus, E0 is the initial elastic modulus; б is the axial stress; ε
is the axial strain.
4. Results and analysis
From the test, the main results obtained are shown in Table 1, Fig.1, Fig.2, Fig.3 and Fig.4 which show 
as below. Table 1 shows Mechanical parameters and permeability of sandstone, Fig.1 shows the curve of 
relationship between damage and strain of sandstone, Fig.2 shows the curve of relationship between 
Elastic axial modulus and axial strain of sandstone. Fig.3 shows the curve of relationship between 
Permeability and axial strain of sandstone, and Fig.4 shows the curve of relationship between 
permeability and damage of sandstone.
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Table.1 Mechanical parameters and permeability of sandstone table
Default
X/mm
stress
σ/MPa
Axial
strain
ε1/%
Elastic
modulus
E
initial 
elastic
modulus
E0
continuity
Factor
φ
Damage 
value
D
permeabilit
y
k/×10-3md
0.07 15.10177 0.06378 236.7791 240 0.98658 0.01342 0.085521
0.17 32.20355 0.16095 200.0842 240 0.833684 0.116177 0.005521
0.41 76.65791 0.38595 198.6213 240 0.827589 0.121305 0.026564
0.64 116.8746 0.59477 196.5038 240 0.818766 0.128792 0.075689
0.85 155.7781 0.79525 195.8857 240 0.81619 0.130991 0.053218
1.18 211.0965 1.09782 192.287 240 0.801196 0.143916 0.136783
1.38 227.3473 1.28652 176.715 240 0.736312 0.20198 0.276512
1.41 136.9009 1.31121 104.408 240 0.435033 0.503996 0.367117
1.5 131.9009 1.39386 94.62991 240 0.394291 0.547919 0.578185
1.62 130.6632 1.50872 86.60531 240 0.360855 0.584412 0.535135
1.73 113.0992 1.60747 70.35848 240 0.29316 0.659455 0.306371
1.83 105.5483 1.70623 61.86051 240 0.257752 0.699292 0.338134
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Fig.1 the curve of relationship between damage and                     Fig.2 the curve of relationship between elastic axial
strain of sandstone                                                                  modulus and axial strain of sandstone
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Fig.6 the curve of relationship between permeability                           Fig.7 the curve of relationship between permeability
and axial strain of sandstone                                                                             and damage of sandstone
As show in figure 1, in the early stage of axial deformation of sandstone, the damage value increases 
rapidly, into the elastic stage of the rock, it level off, but in the plastic stage, the value began to grow 
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again, and behind the peak of the stress, it sharply grow. It can be seen from Figure 2 that elastic modulus 
decreases with the axial strain in the completely stress-strain process of sandstone, before the peak stress, 
elastic modulus didn’t change a lot, but at the peak it dumped, after the peak, it decreases rapidly. in 
Figure 3, the permeability of sandstone decreases with the axial strain of the rock, then increase, when it 
come to a certain value, it begin to reduce again, and in Figure 4, with the increase of damage value, the 
permeability increased at first and then decreases.
5. Discussion
When rock was damaged, new cracks in the rock emerged and the original cracks evolved. The greater 
the degree of rock damage was, the more cracks the rock had. The cracks were the channel that fluid 
flowed through the rock, the size and the amount of the cracks in rock had obvious effects on the 
permeability of the rock. On the one hand, the growth of the cracks was helpful to the increase of the 
permeability, in other words, when cracks grew, the fluid that flew through the cracks in unit time became 
more than before, on the other hand, it restricted the growth of the permeability. That is to say, with the 
increase of the amount of cracks, the crack surface grew too, which made the frictional resistance increase 
when the fluid flew though the rock. The amount of cracks and the size of crack surface were mutually 
constrained in affecting the change of the permeability .
During the whole process of the damage evolvement of sandstone specimen, the two factors that 
affected the change of rock permeability existed simultaneously, but in the different stages of rock 
deformation, the two factors had different status in affecting the change of permeability. The factor 
conducive to fluid flow had more influential on the change of permeability than the negative factor from 
the very beginning of damage evolvement of rock to a certain extent, so in this stage, the permeability had 
an augment change with the increase of damage degree of rock; when the cracks in the rock had a further 
development, which produced a large number of crack surfaces, the factor impeding fluid flow gradually 
dominated, and the rock permeability decreases with the increase of the damage of rock.
6. Conclusion 
(1) The change of rock permeability is closely related to the development of cracks in the rock, and 
the rock permeability become bigger and bigger with the increase of cracks in the rock which can be 
quantified with damage value of rock, but the permeability does not increase with the infinite increase of 
damage value of rock in the completely stress-strain process.
(2) In the process of damage evolvement of rock, the crack width and crack surface had a combined 
effect on the change of rock permeability. The Permeability rose with the increase of crack width, but 
declined with the augment of crack surface.
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